The microbiological quality of 75 private drinking water supply boreholes in Co. Cork, Ireland was assessed in order to determine the incidence of contamination and the potential pathways of such contamination. Microbiological analysis was carried out using the membrane filtration technique for the recovery of thermotolerant (faecal) coliforms. The sanitary protection of the supplies was evaluated by means of systematic inspections and subsequent qualitative sanitary risk assessment.
INTRODUCTION
Absence of thermotolerant (faecal) coliforms is a prerequisite for water sources to qualify as safe drinking water supplies (EU ; Irish Statute ; WHO ). Human exposure to faecal contamination can have a wide spectrum of possible health implications, essentially controlled by the infectivity of the zoonotic agent shed by infected hosts (Cliver & Fayer ) and the susceptibility of the receptor (Carr ) . Occurrence of thermotolerant coliforms in Irish groundwater has been officially reported to occur in 34% of routine monitoring samples (EPA ; GSI ). Current regulations governing the management of private water supplies in Ireland (Irish Statute ) assign statutory responsibility to private water providers for periodic quality inspections. Furthermore, the regulations also assign supervisory roles to local authorities and overarching executive obligations to the EPA for the assurance of compliance and delivery of safe water to the consumer (EPA ). However, only private supplies providing water to 50 or more persons, or supplying water services to commercial or public activities catering for fewer than 50 persons, are obliged to monitor the water quality regularly. Consequently, small supplies providing water to a few or to single households are exempt from statutory regulations and the responsibility for checking the quality of water supplied is at the discretion of the owner of the supply.
Detection of faecal pollution in
The focal point of this study was to assess private drink- procedure was standardised at five minutes for all supplies.
Aseptic samples were collected in sterile 250 ml polypropylene bottles from kitchen taps or, in cases where disinfection systems were present, at an outlet preceding disinfection.
Where, to circumvent disinfection systems, samples were obtained from an external outlet, the tap was disinfected using a naked flame. Samples were preserved in a dark cooler box at ambient temperature for a maximum of 5 hours holding time. On completion of every sampling run, which consisted of a maximum of six samples, a field blank was prepared by transferring distilled water stored in a sterile polypropylene bottle into a second sterile bottle at the site of the last sample and following the same methodology.
The occurrence of recent localised precipitation events were recorded for each sample site according to the supply owner's personal recollection. It was considered more appropriate to rely on individual judgement rather than national statistics due to the significant variability of localised rainfall events (Coffey et al. ) . However, in order to minimise the possibility of introducing bias due to personal judgement, cross checking with the recollection of owners of other supplies also visited in the same area (within ± 2 days), as well as countrywide precipitation reports, was conducted but no adjustments were deemed necessary.
Microbiological analysis was conducted using the mem- The scale of contamination was categorised by the quantity of colony forming units recovered from each sample (Table 1) , based on the approach used by the EPA (EPA , a, b); this situation allowed comparison with existing national data for microbiological quality of groundwater.
The nomenclature assigned to each contamination class was however arbitrarily chosen and may not conform to EPA reports.
Sanitary survey and risk ranking
Qualitative sanitary give a discriminate estimate of borehole hazards as opposed to site hazards. The advantage, however, was a rapid indication of the risk associated with a supply, in other words the amount of hazards a supply was subject to, for the purpose of a broad risk evaluation of the study area.
A second matrix was used to evaluate the priority of remedial action that would currently be necessary to improve the private drinking water supply boreholes in Co. Cork, Ireland based on the assumption that the 
RESULTS
The results of the microbiological analysis shown in Table 2 represent the mean of two determinations conducted simultaneously on duplicate 100 ml aliquots of each sample.
Nearly one quarter of the supplies sampled (24.0%, n ¼ 18)
were found to contain thermotolerant coliforms during the sampling campaign. Moderate contamination Figure 4 | Remedial Action Priority Matrix for borehole drinking water supplies. The scoring system is produced by the sanitary risk ranking results and the microbiological contamination results, the latter classified according to the number of recovered CFUs (see Table 1 ). (1-5 colony forming units (CFU) 100 ml À1 ) was detected in 13.3% (n ¼ 10) of the supplies surveyed. Serious contamination (6-10 CFU 100 ml À1 ) was detected in two supplies (2.7%) and another four supplies (5.3%) proved to be severely contaminated (11-100 CFU 100 ml À1 ). Acute contamination (>100 CFU 100 ml À1 ) was identified in two supplies (2.7%). Weather conditions prior to sampling proved to have a significant impact on the contamination levels. Three of the four severely contaminated supplies were sampled following wet weather. The dry weather and wet weather determinations were found to be significantly
The results of the qualitative surveys of the borehole head and ancillary structures together with potential sources of contamination are presented in Table 3 (n ¼ 12). The majority of these hazards also appeared to be that one supply did not require any remedial action while 32 supplies (42.7%) were categorised as low priority. A total of 42 supplies (56%) were shown to be in need of urgent attention ( Figure 8 ).
DISCUSSION
Results obtained in this study suggest that Co. Cork, Ireland may experience a lower incidence of microbiological contamination in groundwater supplies compared with the latest official reported incidence of 34% of samples in 
